Inhibitor-induced changes in the intrinsic fluorescence of human cyclooxygenase-2.
The steady state tryptophan fluorescence of apo-human cyclooxygenase-2 (hCox-2) is quenched approximately 40%-50% by the slow binding inhibitors diclofenac, indomethacin, ketoprofen, NS-398, and DuP-697. The effects of these inhibitors on tryptophan fluorescence are both time and concentration dependent. Addition of each inhibitor results in a rapid fluorescence decrease, followed by a slower time dependent quenching. The slow, time dependent loss of fluorescence follows first-order kinetics, the rate constants for the process increasing with inhibitor concentration in a saturation-type manner. The rapid fluorescence loss also increases with increasing inhibitor concentration in the same manner. These results are consistent with the initial formation of a rapid equilibrium complex of enzyme and inhibitor (EI), followed by the slower formation of a tightly bound enzyme-inhibitor complex (EI*). The fluorescence of the EI complex is not significantly different from that of the EI* complex. The kinetic parameters of each inhibitor derived for this process (Ki and kon) are close to those obtained by determination of the rate constants for the onset of enzyme inhibition, thereby linking the fluorescence changes with inhibitor binding. The reversible inhibitors ibuprofen and docosahexaenoic acid do not quench the protein fluorescence but do decrease both the rate of the slow fluorescence loss and the magnitude of the initial rapid fluorescence decrease caused by the slow binding inhibitors, consistent with their competitive behavior. ASA-acetylated apo-hCox-2 shows the same fluorescence-quenching behavior in the presence of most of the above inhibitors. However, acetylation apparently blocks the binding of diclofenac, whereas the affinity of ibuprofen is increased. The effects of the collisional quenching agents iodide and acrylamide on both the native and inhibited enzyme are small (< 20% quenching at 0.3 M), showing that inhibitor binding does not result in an increased solvent accessibility of protein tryptophans. The cause of the inhibitor-induced quenching of the intrinsic apo-hCox-2 fluorescence is likely energy transfer to the bound inhibitor. Calculations based on the inhibitor-tryptophan distances in ovine Cox-1 indicate that the distances are within the required range for significant quenching to occur.